INTRODUCTION
============

Soft tissue sarcomas (STS) are extremely rare neoplasms and account for \< 1% of all malignancies.[@B1] The main goal is to preserve the extremity function with good local and distant control with satisfactory survival rates. Since the 1980\'s conservative surgery combined with adjuvant radiotherapy improved local control, from 78% to 91%. Many previous studies have shown that the results with limb sparing surgery and postoperative radiotherapy are similar with radical surgery- alone and with less morbidity.[@B2] ^,^ [@B3] Especially in high-grade sarcomas, the role of adjuvant radiotherapy in terms of conservative approach has been proven in randomized trials.[@B4] ^,^ [@B5] Grade is the most important predictor for both overall and disease-free survival. The other prognostic factors for survival are known to be age, tumor size and tumor location, type of surgery and resection margin.[@B6] The relationship between local control and survival is controversial. Some authors reported that, there is no relation between them, however, Lewis et al. found a strong correlation with local control and metastasis and tumor mortality.[@B7]

The present study was performed to evaluate long term results of limb-sparing surgery and post-operative radiotherapy with or without chemotherapy among patients with non-metastatic STS of the extremities and compare our results with the literature results. Acute and late radiation related toxicities were analyzed.

MATERIALS AND METHODS
=====================

Patient and tumor characteristics
---------------------------------

Between 1980-2007, a total of 386 patients were treated with radiotherapy for soft tissue sarcomas at Istanbul University-Cerrahpasa, Cerrahpasa Medical School, Radiation Oncology Department, Istanbul. Patients who had non-extremity STS or who received prior chemotherapy and radiotherapy to the local site or who had previous or concurrent malignancy and patients with distant metastasis and specific histologic subgroups, including, rhabdomyosarcoma, extraosseaus Ewing, primitive neuroectodermal tumor or dermatofibrosarcoma protuberans were not included in this study. Of the remaining 114 patients with extremity located soft tissue sarcomas who were treated with postoperative radiotherapy in our department, were analyzed retrospectively.

All 114 patients were treated with limb-sparing surgery followed by postoperative chemo/radiotherapy after discussed at the weekly multidisciplinary bone and STS tumor board. All the pathological specimens were received and revised by our sarcoma pathologist. Postoperative radiotherapy was performed to patients who had factors associated with an increased risk of recurrence such as high grade tumor, large tumor, close or positive surgical margins. Tumor size was divided in three groups: ≤5cm,\>5-15 cm or ≥ 15 cm. The tumor grade was defined as high; grade III, intermediate or low; grade II-I. The superficial tumor means that tumor was located above the superficial facia, and the deep tumor means that if the tumor involves the facia or located beneath the facia. Margin status was called involved; that means microscopically involved surgical margin, marginal margin; surgical margin was in pseudo-capsule or reactive zone, wide margin; tumor was in the compartmental en block resection or radical margin; tumor was in the extracompartmentalen block entire compartment.

Sixty (53%) were male, 54 (47%) were female. Median age was 44 years (range, 15-82). Tumor size was defined as the maximum diameter of the tumor during pathologic analysis. Tumor size was between 3 −26 cm (median 7cm). Tumors were mostly localized in the lower extremity 82 (71,9%). Five (4%) low grade liposarcoma patients were treated with post operative radiotherapy treatment because their tumor location was in the hand and foot with surgical margin was positive and re-excision was not possible due to location of the tumor. The tumor characteristics are summarized in [Table 1](#t1){ref-type="table"}.

###### The characteristics of sarcomas.

  ------------------------------------------------------------------
                                         Patients\    (%)
                                         (n)          
  -------------------------------------- ------------ --------------
  **Median age**                         44 (15-82)   

  Age                                                 

  \<50                                   68           59

  ≥50                                    46           41

  **Gender**                                          

  Female                                 54           48

  Male                                   60           53

  Median Tumor Size                      7 cm         range 3-26cm

  **Tumor location**                                  

  Upper extremity                        32           28

  Lower extremity                        82           72

  **Stage**                                           

  Ia                                     9            8

  Ib                                     12           11

  IIa                                    44           39

  IIb                                    23           20

  IIIa                                   10           9

  IIIb                                   16           14

  **Tumor size**                                      

  \<5 cm                                 41           36

  5-\<15cm                               44           39

  \> 15cm                                29           25

  **Histopathological diagnosis**                     

  Undifferentiated pleomorphic sarcoma   30           27

  Liposarcoma                            29           25

  Synovialcell sarcoma                   15           13

  Fibrosarcoma                           12           10

  Others                                 28           25

  **Grade**                                           

  Grade I+II                             13           11

  Grade III                              101          89

  **Surgical margin**                                 

  Involved                               25           22

  Marginal                               72           63

  Wide                                   12           11

  Unknown                                5            4
  ------------------------------------------------------------------

Treatment
---------

Immobilization instruments were used for all of the patients as required. Treatment was delivered with Co^60^ machine or 4-6 MV linear accelerators. A shrinking-field technique was used. The limits of initial field margins varied but there were at least 5 cm from the tumor bed and the scar. The boost target volume was consisting of the tumor bed and incision scar with 2 cm margin. Treatment was delivered 45-50 Gy to initial field, 60-70 Gy booster dose to the tumor volume in 1.8-2Gy/fractions/day, 5 days/week. The median total tumor dose was 60,9Gy (44-70Gy). The median radiotherapy time was 49 days (31-95 days). Chemotherapy was administered to 43 (37.7%) patients with high grade and large tumors. Chemotherapy scheme was consisted of doxorubicine 75mg/m^2^ (D1-3), ifosfamide 2 mg/m^2^ with 2mg/m^2^ mesna, and given in different combinations in 6 cycles.

Follow-up
---------

After treatment all patients were followed regularly with a physical examination every 3 months for 2 years, every 6 months between 3 and 5 years and yearly thereafter. Recurrent disease was histologically confirmed. All patients with recurrent disease were discussed for their treatment schedule at our hospitals sarcoma board.

Prognostic Factors and Statistical methods
------------------------------------------

Prognostic factors that may influence local control, disease-free survival and overall survival were subjected to univariate and multivariate analysis. Local control, disease-free survival and overall survival rates were calculated using the Kaplan-Meier method. All time-to-failure end points were calculated from the date of diagnosis. Overall survival was measured from after the diagnosis of sarcoma to the time of last follow-up or date of death. Univariate and multivariate analysis of prognostic factors were performed using log-rank and Cox regression models, respectively. A p value \< 0.05 value was accepted as statistically significant.

RESULTS
=======

Local control
-------------

At the time of evaluation, 26 (23%) patients had local failures following postoperative radiotherapy. Of these, 14 patients died of progressive and metastatic disease; the others were still alive at last follow-up. The median time to local progression was 53 months (range of 3-270 months). The 5- and 10-year local control rates were 77%, 70% respectively. ([Figure 1](#f1){ref-type="fig"}) On the univariate analysis; local control rate was better in patients with tumor located in the lower extremity than in upper extremity, but the difference was not significant (p=0.07). Local control rate was significantly worse in patients who received less than 60 Gy radiotherapy dose (p=0.03). The surgical margin positive patients were reanalyzed, there was a significant benefit when the dose was \> 60Gy (p=0.04) (62.8%&79.4%). Patients who were treated with chemo-radiotherapy had better local control rate (p=0.08). ([Table 2](#t2){ref-type="table"}) In multivariate analysis, radiotherapy total dose, chemotherapy were the independent prognostic factors for local control. ([Table 3](#t3){ref-type="table"})

![Five-year local control rates for all patients.](1809-4406-aob-27-04-0207-gf01){#f1}

###### Univariate analysis of prognostic factors for Local Control (LC), Disease-free Survival(DFS) and Actuarial Survival (ACS). (CHT: Chemotherapy; RT: radiotherapy).

              LC       DFS    ACS                    
  ----------- -------- ------ ------- ------ ------- ------
  Extremity                                          
  Upper       64.6%    0.07   57.7%   0.7    70.4%   0.4
  Lower       81.5 %          60.8%          72.1%   
  Dose                                               
  \<60Gy      62.2%    0.03   58.7%   0.4    76.9%   0.8
  ≥ 60Gy      79.4%           60.2%          75.3%   
  CHT                  0.08                          
  (-)         70.3%           54.5%   0.2    60.2%   0.2
  (+)         80.8%           63.1%          77.9%   
  Gender                                             
  Male        71.6%    0.09   52.8%   0.07   64.2%   0.04
  Female      83%             67.2%          81.3%   
  Grade                                              
  I           80.5%    0.3    66.4%   0.2    75.8%   0.7
  II          75.1%           55.7%          77.7%   
  III         63.9%           55.6%          62.2%   
  Stage                                              
  I           80.1%    0.3    65.7%   0.3    75.2%   0.7
  II          76.2%           53.4%          74.8%   
  III         63.9%           50.5%          62.2%   

###### Multivariate analysisof prognostic factorsfor Local Control (LC), Disease-free Survival (DFS) and Actuarial Survival (ACS).

                  LC                       DFS                      ACS
  --------------- ------------------------ ------------------------ -------------------------
  **Extremity**                                                     
  Lower           0.080.488(0.218-1.092)   0.9 0.966(0.493-1.895)   0.8 0.926(0.410-2.092)
  Upper           1                        1                        1
  **Dose**                                                          
  \<60Gy          0.009 1                  0.10.581(0.262-1.292)    0.9 1.029 (0.353-2.999)
  ≥ 60Gy          0.291(0.116-0.730)       1                        1
  **CHT**                                                           
  (-)             0.03 1                   1.500(0.820-2.744)       0.1 1.421(0.689-2.931)
  (+)             0.423(0.191-0.935)       1                        1

Disease-free survival
---------------------

Distant metastasis was noted in 27% of the patients; 12 of them had also local failure. The most common sites of distant metastases were the lung (20%) and the bone (5%). Disease-free survival rates for 5 and 10 years were 60% and 52% respectively. ([Figure 2](#f2){ref-type="fig"}) The disease-free survival rates were slightly better for the female patients (p=0.07). ([Table 2](#t2){ref-type="table"})
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Actuarial survival
------------------

A total of 33 (28,9%) patients died during follow-up. Of these, 31 were associated with disease progression (including 3 from local-regional failure, 17 from distant metastasis and 11 from both). A further 2 patients died from an unknown cause. The median follow-up time for living patients was 81 months (12-270 months). Actuarial survival rates for 5 and 10 years were 72% and 70% respectively. ([Figure 3](#f3){ref-type="fig"}) On univariate analysis, the actuarial survival rate was significantly higher in female than male patients (p=0.04). ([Table 2](#t2){ref-type="table"}) In addition, we did not find any independent significant prognostic factor on multivariate analysis. ([Table 3](#t3){ref-type="table"})
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Complications
-------------

Acute and late side effects were scored according to RTOG and EORTC criteria. Among the 92 patients, acute radiation effects were documented in 54 patients. Grade I acute skin reactions were observed in 38 patients and grade II in 16 patients. Radiation fibrosis (45.6%) was the most common late side effect. Deep vein thrombosis had occurred in one patient, 9 patients had chronic oedema, 6 patients had lymphangitis and 1 patient had bone fracture.

DISCUSSION
==========

Nowadays, the treatment of soft tissue tumors of the extremities; except for a small rate of cases, is limb sparing therapy. The purpose is to protect quality of life and function while maintaining local control. While local control rates is not at the desired levels with limb-sparing surgery alone, adjuvant radiotherapy is offered in addition to limb sparing surgery to improve the results. The results showed that combining these two treatment methods achieved the same success with radical surgery alone.[@B8] The first prospective, randomized study comparing amputation with limb-sparing surgery and radiotherapy showed similar disease-free and overall survival rates.[@B3] These results were supported by randomized trials, especially in high-grade tumors.[@B9] Both pre- and post-operative radiotherapy are considered to be standard approaches for most intermediate or high grade soft tissue sarcomas. The addition of radiotherapy to surgery allows preservation of function with similar local control rates, and survival, to radical resection (i.e. compartmental excision/amputation).[@B8] The majority of patients with low-grade tumors will not require radiotherapy. However, it should be considered for those with large, deep tumors with close or incomplete margins of excision, in whom re-excision is not possible, especially if adjacent to vital structures that could limit further surgery in the future. Patients who have undergone a compartmental resection or amputation do not require adjuvant radiotherapy assuming that the margins are clear. If pre-operative radiotherapy is used there is a slightly higher incidence of post-operative morbidity including acute wound healing problems. Approaches which include the use of local or free flaps might be advantageous to avoid wound complications. Free flaps may reduce the risk of postoperative wound breakdown, minimize the dead space, and reconstruct the defect. A two team surgical approach (resection and reconstruction) reduces the operative time. Pre-operative radiotherapy may be less appropriate in cases where wound healing is more likely to be problematic, such as proximal thigh/groin or axillary locations. In addition, if a patient has a rapidly growing, painful tumor early surgery may be preferred. For certain radiosensitive histological subtypes, such as myxoid liposarcoma, pre-operative radiotherapy may be particularly advantageous, given the degree of tumor shrinkage that can be achieved. Pre-operative RT was significantly associated with an increased likelihood for negative surgical margins, thereby providing evidence for the underlying hypothesis that preoperative RT allows for sterilization of the surgical margins and increases the likelihood of achieving an oncological optimal resection.

Local recurrence rate varies between 9%-24% in the literature. Prognostic factors were evaluated in several studies.[@B10] ^--^ [@B14] The anatomic location of an extremity soft tissue tumor influences local control. Five year local control rates were shown to be significantly better in proximal localized and lower extremity tumors.[@B10] ^,^ [@B11] Alektiar also reported lower control rates on the upper extremity, they concluded that upper extremity localization was more difficult to obtain wide surgical margin.[@B12] In the present study, the number of the patients with positive surgical margin were more (44%) on the upper extremity than lower extremity (34 %) supporting the results of Alektiar et. al. The rate of local control was found to be better in patients with tumors located in the proximal lower extremity than the patients with proximal upper extremity tumors (p = 0.07).

Histological differentiation has been reported to be an important prognostic factor in several studies. Singer et. al. reported better survival rates in patients with low grade tumors than high grade tumors, although it did not influence the local control rates.[@B13] In addition, some studies demonstrated that high grade was the only factor found to be associated with an increased risk of metastatic recurrence.[@B14] In our study, patients with high grade tumors had also worse survival rates compared to patients with low grade tumors, but the difference was not statistically significant.

Most studies have agreed that surgical margin was one of the strongest negative prognostic value for local control.[@B9] ^,^ [@B15] Incomplete resection had found to be the most significant factor on local recurrence and survival in our previous analysis of our patients with extremity, trunk and head-neck STS treated before 1995, however this significance disappeared in the current series.[@B16] The adequate distance from the tumor for accepting as negative margin is variable. Helsinki University study demonstrates that surgical margins \>2.5 cm from the tumor were associated with improved local control. They reported that local control rates were 89.2%,85.9% and 83.3%,respectively, when combined with adjuvant RT, with the negative margins of at least 2.5cm, 2 cm and 1 cm.[@B17] In addition several series agreed on that postoperative RT to the patients with close margins has improved local control.[@B16] ^,^ [@B18] Recently, several centers reported that higher irradiation dose should be given in order to improve local control for extremities STS patients with positive margins. Zagars et al. reported improved local control with doses ≥ 64 Gy for the patients with close or positive margin in the MD Anderson Cancer Center study.[@B15] We found similar correlation between the dose above 60Gy and local control for all patients with positive margins.

Data supporting chemotherapy for extremity STS is controversial. Patients with deeply located, high-grade and \>5 cm tumors have 60% chance of developing metastatic disease.[@B19] Sarcoma Meta-Analysis Collaboration meta-analysis reported that adjuvant chemotherapy increases disease-free survival rate but does not affect overall survival rate.[@B20] In the present study, chemotherapy was given to patients with poor prognostic factors and significantly increased the local control on multivariate analysis; however, it was not reflected to the disease-free survival and actuarial survival rates.

CONCLUSION
==========

Limb-sparing surgery with postoperative RT for extremity located STS provides excellent local control and high survival rates with acceptable toxicity and good functional outcome. In the present study although the incidence of large tumor size and marginal resections were high, local failure rate in these patients was comparable with the literature. While this is a retrospective analysis with heterogeneous patient-tumor characteristics, we found that radiotherapy dose and chemotherapy administration were the important factors to improve treatment results. Considering at the high failure rate in the patients who were previously operated in different centers, referral of these patients to the centers dealing with STS for adjuvant therapy is highly recommended.
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